
8 

BELLCOMM, JNC. 

SUBJECT: S 0 1 a r 5q i n d  Ra d i a  t i o n  Do s e s 
Case 103-2 

FROM: R .  H.  H i l b e r g  

ABSTRACT 

The sun  con t inuous ly  e m i t s  low ene rgy  p r o t o n s  which 
a r e  encountered  by a l l  i n t e r p l a n e t a r y  a n d  l u n a r  m i s s i o n s .  These 
p r o t o n s  can n o t  p e n e t r a t e  s p a c e c r a f t  s h i e l d s ,  b u t  produce s i g n i -  
f i c a n t  s u r f a c e  d o s e s  on a l l  m a t e r i a l s  exposed t o  f r e e  s p a c e .  
S u r f a c e  d o s e s  r e s u l t i n g  from t h e  s o l a r  wind a r e  c a l c u l a t e d  and 

f l u x  v a r i e s  c o n s i d e r a b l y  i n  b o t h  energy  spec t rum and d e n s i t y ,  
s o  t h a t  t h e  dose r a t e s  may va ry  b y  a n  o r d e r  of magni tude.  The 
dose  d e l i v e r e d  by s o l a r  wind p r o t o n s  depends much more on t h e  
i d e n t i t y  of t h e  s u r f a c e  m a t e r i a l  t h a n  it does f o r  t h e  h i g h e r  
ene rgy  p r o t o n s  p r e s e n t  d u r i n g  s o l a r  f l a r e s .  A d d i t i o n a l  e r ' f e c t s  
from s p u t t e r i n g  a r e  a l s o  p r e s e n t ,  a l t h o u g h  t h e y  d o  n o t  seem 
impor t an t  f o r  modest l e n g t h  m i s s i o n s  on t h e  b a s i s  of r a t h e r  
p r e l i m i n a r y  e s t  ima t e s  . 

seem to be l a r g e ,  of t h e  o r d e r  of 10 9 r a d  p e r  week. The p r o t o n  
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FRO~:R.H.  H i l b e r g  

The sun  con t inuous ly  e m i t s  low energy  p r o t o n s  which 
a r e  encoun te red  by a l l  mi s s ions  e x t e n d i n g  o u t s i d e  t h e  p r o t e c t i o n  
of t h e  e a r t h ’ s  magnetosphere.  These p r o t o n s  cannot  p e n e t r a t e  
s p a c e c r a f t  s h i e l d s ,  b u t  produce s i g n i f i c a n t  s u r f a c e  d o s e s  on a l l  
m a t e r i a l s  exposed t o  f r e e  space .  I n  t h e  c a s e  of  o p t i c a l  m a t e r i a l s  
or t he rma l  c o n t r o l  c o a t i n g s  where r e l a t i v e l y  s m a l l  changes i n  t h e  
s u r f a c e s  may be  impor t an t ,  s i g n i f i c a n t  problems may a r i s e .  Some 
concei-n w i t h  this problem has  a r i s e n  i n  regand to t h e  Apol lo  
o p t i c a l  sys tem for n a v i g a t i o n .  A s  a r e s u l t  a model environment  i s  
b e i n g  proposed  f o r  i n c l u s i o n  i n  t h e  N a t u r a l  Environment and 
P h y s i c a l  S t a n d a r d s  document, 

The ave rage  s o l a r  wind f l u x  of 2 . 5  x 10 * 2 produces  
cm-sec 

a l a r g e  c a l c u l a t e d  s u r f a c e  dose,  of t h e  o r d e r  of l og  r a d  p e r  week. 
However, t h e  p r o t o n  f l u x  v a r i e s  c o n s i d e r a b l y  i n  both ene rgy  spec t rum,  
and  d e n s i t y ,  s o  t h a t  dose r a t e s  a n  o r d e r  of magnitude h i g h e r  o r  
lower  a r e  p o s s i b l e .  The dose d e l i v e r e d  by s o l a r  wind p r o t o n s  
depends much more on t h e  i d e n t i t y  of t h e  s u r f a c e  m a t e r i a l  t h a n  it 
does  f o r  t h e  h i g h e r  energy  p r o t o n s  p r e s e n t  d u r i n g  solar I ’ lares .  

ENVIRONMENT 

The s o l a r  wind, which i s  found o u t s i d e  t h e  magnetosphere ,  
i s  made up of  low eRergy charged p a r t i c l e s  t r a v e l l i n g  a lmos t  
r a d i a l l y  ( w i t h i n  10 ) away from t h e  sun ,  w i t h  v e l o c i t i e s  of t h e  
o r d e r  of 500 km/sec. 
r a d i a t i o n  dose a r e  t h e  p r o t o n s ,  a l t h o u g h  a s i m i l a r  f l u x  of e l e c t r o n s  
must be p r e s e n t  t o  m a i n t a i n  n e t  charge  n e u t r a l i t y .  S m a l l e r  f l u x e s  

a r e  based  on measurements made on IMP 1 (Ref .  l), Mariner  2 (Ref .  2 ) ,  
and t h e  Vela s a t e l l i t e s  (Ref .  3 ) .  

The p a r t i c l e s  which c o n t r i b u t e  most of t h e  

ol” a ipha  par .L l c i e s  : have a l s o  been obse rved .  The d a t a  used here 

A l l  t h r e e  s e t s  of measurements i n d i c a t e  t h a t  maximum 
p a r t i c l e  v e l o c i t i e s  a r e  observed  d u r i n g  m a g n e t i c a l l y  a c t i v e  t i m e s ,  
w i t h  a peak b u l k  v e l o c i t y  (averaged  o v e r  s e v e r a l  h o u r s )  of abou t  
750 km/sec. The ave rage  bu lk  v e l o c i t y  observed  on Mar iner  2 
( l a t e  1962)  d u r i n g  t h e  d e c l i n i n g  s t a g e s  of  s 3 l a r  a c t i v i t y  was 
a b o u t  500 km/sec. The Vela and IMP 1 measurements d u r i n g  s o l a r  
minirtum ( l a t e  1963 through e a r l y  1965) i n d i c a t e  ave rage  v e l o c i t i e s  
of  t h e  o r d e r  o f  ?,50 km/sec. 
measurements i n d i c a t e  a d e n s i t y  of aboL c 2 p a r t i c l e s / c m - ) .  

Both t h e  Marine-r 2 uli: t l i e -Ve la  
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The v e l o c i t i e s  above co r re spond  t o  p r o t o n  e n e r g i e s  
of t h e  o r d e r  of 1 Kev. The Vela d a t a  i n d i c a t e  t h a t  t h i s  is  
a c t u a l l y  a t y p i c a l  mean energy .  The spec t rum u s u a l l y  seems 
to b e  a b o u t  0 . 5  Kev wide. At t imes ,  however, s i g n i f i c a n t  f l u x e s  
o f  p r o t o n s  wi th  e n e r g i e s  of t h e  o r d e r  of 5 Kev have been  obse rved ,  

DOSE RATE CALCULATIONS 

The dose i n  r a d s  i s  d e f i n e d  i n  te rms  of  t h e  ene rgy  
d e p o s i t e d  p e r  u n i t  weight  of m a t e r i a l ,  w i th  one r a d  r e p r e s e n t i n g  
100 e r g s  abso rbed  p e r  gram of a b s o r b e r .  Q u a n t i t a t i v e l y ,  t h i s  
dose  i s  e v a l u a t e d  by t h e  e x p r e s s i o n :  

8 / '  

DOSE = 1 . 6  X 10- 

where dx dE i s  t h e  energy  l o s s ,  i n  Mev/g/cm2; N(E) i s  t h e  p a r t i c l e  
f l u x  a s  a f u n c t i o n  of energy,  E; and t h e  i n t e g r a t i o n  e x t e n d s  o v e r  
a l l  energries of t h e  i n c i d e n t  p a r t i c l e s .  

E v a l u a t i o n  of t h e  ene rgy  l o s s  term, =, dE is  compl i ca t ed  
by  problems of b o t h  a t h e o r e t i c a l  and expe r imen ta l  n a t u r e .  The 
t h e o r e t i c a l  d i f f i c u l t i e s  a r i s e  %-om t h e  Tact  t h a t  t h e  v e l o c i t y  
of t h e  i n c i d e n t  p r o t o n s  i s  coinparable t o  t h e  v e l o c i t y  of some of  
t h e  o r b i t a l  e l e c t r o n s  of t he  t a r g e t  m a t e r i a l .  Under t h e s e  c i r -  
cumstances t h e  energy  l o s s  depends i n  d e t a i l  on t h e  a tomic  or 
m o l e c u l a r  energy  s t a t e s  of t h e  m a t e r i a l  u n d e r  c o n s i d e r a t i o n . *  
Exper imen ta l  e v a l u a t i o n  of t h e  energy  loss t e rm i s  made d - i f f i c u l t  
by t h e  f a c t  t h a t  t h e  r a n g e  of t h e  low energy  p r o t o n s  i s  so  s m a l l .  
F o r  example, t h e  range  of a 40 Kev p r o t o n  i n  Argon i s  a b o u t  0.09 

i n  o p t i c a l  or t he rma i  c o a t i n g s ,  the range  of' such  p r o t o n s  i s  of 
t h e  o r d e r  of 0 .1  microns (Ref .  4 ) .  

Using t h e  expe r imen ta l  r e s u l t s  f o r  40 Kev p r o t o n s  of 
P h i l l i p s  (Ref .  5 )  Reynolds (Ref .  6 )  and Warshaw (Ref .  7), and 
e x t r a p o l a t i n g  to 1 Kev i n c i d e n t  p r o t o n  energy  u s i n g  t h e  method 
of Fermi and T e l l e r  (Ref .  8)  , a n  approximate  v a l u e  f o r  t h e  energy  
loss of ax dE = ' 100 Mev/g/cm2 i s  found for t h e  medium a tomic  number 
maf-erL.ls . - m , - . . l l - -  

t o  1 Kev p r o t o n  energy  u s e s  a l i n e a r  r e l a t i o n s h i p  between 
d-E - and p r o t o n  v e l o c i t y .  d 3: 

2 
r n P  tlL6/cm . For a m e t a l l i c :  oxide s u c h  a s  may be found i n  g l a s s ,  or 

U D U ~ L L Y  foiiiid i n  o p t i c a l  t r l a t e r i a i s .  Tne e x t r a p o l a t i o n  

*For h i g h e r  energy  i n c i d e n t  p r o t o n s  ( o r d e r  of  .1 Nev or 
h i g h e r )  t h i s  i s  n o t  t r u e .  
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>title dens t y  of 5 protons/cm3, a b u l k  
v e l o c i t y  of 500 km/sec, and  a n  energy  l o s s  v a l u e  of 100 MeV/ 
g/cm2, a dose  r a t e  of 400 rad /sec  o r  3 . 5  X lo7 rad/day r e s u l t s ,  
T h i s  dose  is, however, a s u r f a c e  dose ,  e x t e n d i n g  of t h e  o r d e r  
o f  0 .1  microns  cm) i n t o  t h e  m a t e r i a l .  

EFFECTS ON MATERIALS 

Some p r e l i m i n a r y  measurements have been  mad.e on b o t h  
o p t i c a l  and the rma l  c o n t r o l  c o a t i n g s  w i t h  i o n  beams i n  t h e  c o r r e c t  
r a n g e  of p a r t i c l e  e n e r g i e s ,  These measurements i n d i c a t e  t h a t  no 
s e r i o u s  problems e x i s t  for s h o r t  d u r a t i o n  m i s s i o n s  o u t s i d e  t h e  
E a r t h  *s magnetosphere,  However, p r e l i m i n a r y  r e s u l t s  from t h e  
Research  P r o j e c t s  Labora to ry  a t  MSFC i n d i c a t e  t h a t  some pigments  
exposed to 2 X 10l6 protons/cm2 ( c o r r e s p o n d i n g  t o  abou t  3 y e a r s  
i n  f r e e  s p a c e )  had t h e i r  r e f l e c t i v i t y  reduced  by a b o u t  5% i n  
the o p t i c a l  r e g i o n .  

t 

I n  a d d i t i o n  t o  t h e  i o n i z a t i o n  of t h e  t a r g e t  m a t e r i a l  
by s o l a r  wind bombardment t h e r e  i s  a l s o  t h e  e f f e c t  of s p u t t e r i n g  
of s u r f a c e  atoms to be  considered-.  Wehner e s t i m a t e s  t h a t  such  
s p u t t e r i n g  r e s u l t s  i n  t h e  l o s s  of a b o u t  1 Angstrom of  copper  
p e r  y e a r  of exposure  (Ref .  9). 

CONCLUSIONS 

The above c o n s i d e r a t i o n s  i n d i c a t e  t h a t  a t  l e a s t  for 
some m a t e r i a l s  s o l s r  wind. e f f e c t s  i n  t h e  form of d a r k e n i n g  of 
o p t i c a l  c o a t i n g s  and d e g r a d a t i o n  of  t he rma l  c o n t r o l  c o a t i n g s  
may becoine s i g n i f i c a n t  for long d u m t i o i i  l u n a r  o r  p l a n e t a r y  
m i s s i o n s .  A s  a r e s u i t ,  it is  recommended. i h a i  er ivirwrirr ier i ia l  
s p e c i f i c a t i o n s  for systems to be used  on such m i s s i o n s  i n c l u d e  
t h e  e f f e c t  of  t h e  s o l a r  wind. To implement t h i s  it is  f u r t h e r  
recommended t h a t  a d e s c r i p t i o n  of t h e  s o l a r  wind s i m i l a r  to t h a t  
u s e d  h e r e  be inc luded  i n  e d i t i o n s  of t h e  NEPSAP a p p l i c a b l e  t o  
advanced m i s s i o n s .  
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